1. Introduction {#sec1}
===============

Several fruits are very often artificially ripened and banana which is the fruit utilized in this study is one of those fruits. Some fruits like banana are climacteric and when ripe are consumed raw. Banana is one of many fruits that constitute major starchy foods in Sub-Saharan Africa and Asia where it supplies over 25% of their carbohydrate needs [@bib1]. Most fruits are perishable with a short half-life when harvested. This has led to significant post-harvest losses (up to 50% losses) as a result of quality deterioration and handling \[[@bib2], [@bib3]\]. Due to the high post-harvest losses, commercial farmers harvest fruits when green but mature. The harvested fruits are then artificially ripened when needed (usually at the markets prior to retailing) with the aid of artificial ripening agents \[[@bib4], [@bib5]\]. The process from storage to transporting of fruits from the farm to retailers can take several days. During this time and process, the fruits may become over ripened, inedible and lack appeal to consumers. Some of the fruits can also get damaged or even destroyed during transportation. All of these result in economic losses for the fruit sellers and farmers which causes the fruit sellers to induce artificial ripening before retailing [@bib6].

Several types of artificial ripening agents are in use. Wholesalers in some countries have been reported to sell fruits ripened with calcium carbide and treated with formalin to avoid financial losses [@bib7]. While some post-harvest ripening chemicals are legalized for use in some countries, there are established allowable limits [@bib8]. A very small concentration (1 ppm) of ethylene in air is sufficient to promote the fruit ripening process [@bib9]. In resource poor settings, the expensive cost of acquiring these agents has made the sellers resort to the use of cheaply acquired calcium carbide which is also an easily accessible artificial ripening agent, to activate the fruit ripening process [@bib2].

The use of calcium carbide in fruit ripening is growing rapidly in different parts of the world [@bib10]. It is usually employed in different ways. The calcium carbide powder may be kept in the same vicinity as the fruits such that when in contact with moisture, acetylene gas is released to induce ripening. In other instances, calcium carbide is applied directly on the fruits to induce ripening [@bib8]. It has also been reported that most of the ripening agents utilized by the fruit-sellers are of industrial grade, and are often collected from unauthorized sources [@bib8]. Use of calcium carbide have been reported to impact ripened colour on immature fruits and promote an increase in the shelf life. It can also maintain the ripened colour for an extended period of time [@bib11]. The optimum dose of calcium carbide required to induce ripening of mangoes for instance to achieve overall acceptability was found to be 1 g/kg fruit. At this level of calcium carbide, no difference was observed in the total soluble solids content, titratable acidity and taste between artificially and naturally ripened fruits [@bib12].

Calcium carbide of industrial grade has been reported to contain traces of arsenic and phosphorus hydride, which are harmful to health [@bib11]. Calcium carbide is an alkaline compound reported to irritate the stomach lining on ingestion [@bib13] and have potential carcinogenic and neurological actions [@bib7]. There have been concerns about the harmful effects of environmental agents which exert oestrogenic actions on reproduction. These agents do not affect adult reproduction alone but also affect reproductive organs and systems that mature by regulation of the gonadal hormones [@bib14]. Therefore the effects of these environmental agents such as artificial ripening agents on pubertal maturation as well as overall endocrine disruption is also of concern both for immediate and long term harmful effects. Environmental agents (such as artificial ripening agents) have been reported to play a role in accelerated and delayed pubertal maturation of both males and females \[[@bib15], [@bib16]\]. These agents are often referred to as endocrine disruptors which act through interference with the hormonal balance in the body by binding strongly to oestrogen and androgen receptors [@bib17] and act as agonists or antagonists.

While studies have been done to evaluate toxicological effects associated with calcium carbide, effects on the female reproductive system is yet to be studied and characterized. Food safety is an important and growing challenge. This study therefore compares the effect of consumption of calcium-carbide ripened fruit with naturally ripened fruit (banana was used in this study) on the female reproductive system.

2. Material and methods {#sec2}
=======================

2.1. Fruit collection and preparation {#sec2.1}
-------------------------------------

Unripe but mature bunches of banana (2) were purchased from the local market near the University of Benin premises in Benin City Nigeria. One bunch was placed in a clean polythene bag together with wrapped calcium carbide (10 g) and kept in dry cupboard. The amount of calcium carbide used and the process were determined from interaction with the retail fruit sellers. The second bunch of bananas was similarly placed in a polythene bag in a separate cupboard but without calcium carbide. The fruits were monitored daily for signs of ripening indicated by colour changes in the peel [@bib4]. The ripening stage was assessed using an industrial ripening scale occurring from 1-7. When the banana finger is hard and completely green it is ascribed scale 1; when green but has some traces of yellow it is ascribed scale 2; when there are more yellow colour but still more green than yellow it is ascribed scale 3; when there are more yellow than green it is ascribed scale 4; when there occurs more yellow but with traces of green it is ascribed scale 5; when the banana finger has a completely yellow colour it is ascribed scale 6 and when it is yellow but with black spots it is ascribed scale 7 [@bib18].

2.2. Experimental protocol {#sec2.2}
--------------------------

A scale of 6 was considered ripe for this study. The ripe bananas were then mashed into a smooth paste with the aid of a clean laboratory mortar and pestle. This was done separately for each of the calcium carbide ripened bananas (CCRB) and the non-artificially ripened bananas (NARB). The resulting paste was constituted in distilled water and doses of 1, 10 and 100 mg/kg were obtained.

2.3. Animals {#sec2.3}
------------

Virgin immature albino female mice (5--9 g) were utilized in this study. The young animals were purchased from Benin City, Edo State and maintained at the Animal Unit of the Department of Pharmacology & Toxicology, Faculty of Pharmacy, University of Benin, Nigeria. The animals were acclimatized to the laboratory environment for one week prior to the start of the experiment when they were exactly18 d. They were housed in cages at an environmentally controlled room temperature of 27 ± 4 °C and natural lighting conditions. Ethical consent was obtained prior to start of the experiments from the Faculty of Pharmacy Ethics Committee, University of Benin, Nigeria (EC/FP/018/18). The animals were handled as much as possible according to standards of the Public Health Service policy on humane care and use of laboratory animals \[[@bib19], [@bib20]\]. Animals were maintained on standard diet of animal pellets and clean tap water provided *ad libitum*.

2.4. Uterotrophic assay {#sec2.4}
-----------------------

Immature female mice (5--9 g), 18-d old and without evidence of any disease or physical abnormalities were utilized [@bib21] and placed in experimental groups. The experimental groups included the CCRB group, the NARB group, the control distilled water group and the oestradiol group. The CCRB and NARB groups were further subdivided into 3 subgroups according to the doses of mashed banana administered which included doses of 1, 10 and 100 mg/kg. The control group received 0.2 mL of distilled water and was considered the vehicle control group; the oestradiol group (which was the positive control group) received 17α-ethinyloestradiol (10 mg/kg p.o.). Water was supplied from stainless steel containers only. The banana paste and drug doses were administered orally with the aid of a feeding syringe at 9--10 a.m. daily for three consecutive days [@bib21]. All animals were observed for mortality, morbidity, and general clinical signs such as changes in behaviour, occurrence of secretions and excretions. Day 1 was the day administration began and day 4 was the day after the last administration and was also the day the animals were euthanized.

2.5. Body weight and food consumption measurement {#sec2.5}
-------------------------------------------------

Body weights were measured prior to treatment and thereafter was observed daily and on the day after treatment. The amount of food consumed during the treatment period were measured per cage of 6 animals each by weighing the feeders. The food consumption results were expressed in grams per cage of 6 animals per day.

2.6. Measurement of vaginal opening {#sec2.6}
-----------------------------------

The animals were observed for vaginal opening daily during the course of treatment. This has been reported to occur in mice from 35 days of age under the influence of oestrogen [@bib22]. The percentage of vaginal opening was calculated using the formula [@bib22]:$$\text{Percentage~\!of~\!vaginal~\!opening~\!} = \frac{\text{No}.\text{~\!of~\!animals~\!with~\!vaginal~\!opening}}{\text{Total~\!no}.\text{~\!of~\!animals~\!in~\!the~\!group}}\text{~\!} \times \text{~\!}100$$

Animals showing complete canalization and patency (vaginal opening) and those that did not were identified. Increase in vaginal opening was regarded as an indication of oestrogenic activity.

2.7. Vaginal smear collection and observation {#sec2.7}
---------------------------------------------

In groups where vaginal opening was observed, vaginal smears were obtained via lavage in the morning by 9.30 am prior to fruit or drug administration. Sterile saline (0.1 mL) was carefully expelled into the vaginal opening and re-drawn up into the pipette tip [@bib23]. The fluid was then expelled onto a clean glass slide and allowed to evaporate at room temperature. After lavage fluid had evaporated, cells were fixed with ethanol for 5 min and stained with gentian violet which was gently rinsed off and allowed to dry. Cell morphology was observed and noted at 40× magnification.

2.8. Blood sample collection and measurement {#sec2.8}
--------------------------------------------

Blood samples were collected under anaesthesia (diethyl ether - inhalation) via cardiac puncture prior to organ isolation. The blood samples obtained were placed in lithium-heparin sample bottles for serum oestrogen levels assessment.

2.9. Uterus, ovary and cervix isolation {#sec2.9}
---------------------------------------

Twenty-four hours after the last treatment, the mice were humanely killed first via diethyl ether anaesthesia inhalation and then careful exsanguination. The whole uterus was isolated carefully but rapidly to avoid desiccation [@bib24], excess fat and connective tissue were also removed and the whole uterus weighed. The ovaries were then removed at the oviduct to avoid luminal fluid loss from the uterine horns. Each uterus was transferred to a pre-weighed container with saline dampened filter paper. The uterus with luminal fluid was weighed (wet uterine weight). The uterine horns were then cut longitudinally, placed on lightly moistened filter paper and gently pressed with a second piece of lightly moistened filter paper to remove the luminal fluid. The uterus, without the luminal contents was also weighed (blotted uterine weight). After weighing, the uterus, ovary, and cervix were fixed in 10% formal-saline for histopathologic examination after Haematoxylin & Eosin (H&E)-staining.

2.10. Histopathological analysis {#sec2.10}
--------------------------------

The isolated organs were kept in 10% neutral buffer formalin, but the uterus was kept separately in Bouin\'s fluid and were all submitted for histopathology [@bib25]. The organs were subsequently cut into short segments using the paraffin technique as described [@bib26]. Briefly, sections of 5 μm thicknesses were cut and stained using routine haematoxylin and eosin method. All organs were observed and measured on haematoxylin and eosin stained slides, and 3 randomly chosen areas of the sections were measured per slide. The fixed tissue sections were processed for histopathological examination. The tissue sections were washed in tap water for 30 min, and later dehydrated in graded changes of equal volumes of chloroform; xylene mixture and cleared in two changes of pure xylene. The sections were impregnated in two changes of molten paraffin wax at 60 °C to remove the clearing agents, and embedded in the molten paraffin enblocked in a mould. The blocks were allowed to solidify. Solid blocks of tissues in paraffin wax were sectioned to the required thickness of 5 μm, using microtome (Behr Manning Troy, N.Y). The embedded specimens were cut into thin paraffin ribbons and smeared on the slide and stained with haematoxylin (Sigma, U.S.A) and eosin (Sigma, USA) following a standard staining procedure [@bib27]. The prepared slides and processed specimens on the slides were examined with an Olympus optical microscope (Germany). Photomicrographs of the tissues were captured with a digital camera, 14 mega pixels attached to the microscope and connected to a computer by a USB cord.

2.11. Data analysis {#sec2.11}
-------------------

Data are represented either as the mean ± standard error of mean (S.E.M.) or as standalone measurements without mean computations in cases where the animals were simply counted or data represented a collective output of a group. The student t-test or one-way analysis of variance (one factor ANOVA) with Tukey multiple comparison post hoc testing for group differences was employed where appropriate. Differences were considered to be significant when p-values were less than 0.05.

3. Results {#sec3}
==========

3.1. Fruit ripening {#sec3.1}
-------------------

The calcium carbide ripened fruit took 2 days to get ripe while the non-artificially ripened fruit took 4 days to get ripe under the same conditions.

3.2. Behavioural changes {#sec3.2}
------------------------

No change in behaviour was observed in the animals during the period of administration.

3.3. Body weight analysis {#sec3.3}
-------------------------

From the body weight assessment, the CCRB groups experienced daily increases. CCRB 1 mg/kg group was significantly increased (p \< 0.05; p \< 0.01; F = 25.71; df total = 23) compared to their body weights on day 1; CCRB 10 mg/kg group was significantly increased (p \< 0.01; p \< 0.001; F = 11.84; df total = 23) compared to their body weights on day 1; CCRB 100 mg/kg group was significantly increased (p \< 0.05; F = 3.33; df total = 23) compared to their body weights on day 1 ([Fig. 1](#fig1){ref-type="fig"}A). CCRB at 1 and 10 mg/kg caused more significant increases (p \< 0.01; F = 25.71 for CCRB 1 mg/kg and p \< 0.01; F = 11.84 for CCRB 10 mg/kg; df total = 23) in body weights than the oestradiol group at the dose used in this study ([Fig. 1](#fig1){ref-type="fig"}A). The NARB groups however experienced a more steady change in body weight throughout the course of the study slightly similar to what was observed in the distilled water group (p \< 0.05; F = 3.54; df total = 23) ([Fig. 1](#fig1){ref-type="fig"}). The NARB group showed a significant increase in body weight (p \< 0.05; F = 2.58; df total = 23) after 3 d of administration as seen with the distilled water group ([Fig. 1](#fig1){ref-type="fig"}D--F)). The oestradiol group began showing a significant increase (p \< 0.05; F = 3.42; df total = 23) in body weight from the day 3 of administration ([Fig. 1](#fig1){ref-type="fig"}). Overall, the CCRB group experienced greater percentage increase in body weight and this was followed closely by the NARB group. The oestradiol group gave the least percentage increase in body weight and was followed closely by the distilled water group ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1Bar graph showing the body weights of animals treated with CCRB, NARB, oestradiol and water. A general increase in body weights were observed in all groups in the course of the study. CCRB groups (A-1 mg/kg; B -- 10 mg/kg; C-100 mg/kg) showed greater percentage increase in body weights and was followed closely by NARB groups (D-1 mg/kg; E -10 mg/kg; F -- 100 mg/kg), G- Distilled water group and E -- Oestradiol group, 10 mg/kg. \*p \< 0.05; \*\*p \< 0.01; \*\*\*p \< 0.001 compared to D1 of the study. n = 6 animals.Fig. 1

3.4. Food intake analysis {#sec3.4}
-------------------------

The animals' food intake per group was found to remain reasonably steady in the distilled water group throughout the period of study ([Table 1](#tbl1){ref-type="table"}). CCRB 1 mg/kg showed an increase on day 3 which dropped by about 1 g on day 4 but the food intake on day 4 was still higher than on day 2. CCRB 10 and 100 mg/kg showed steady increases from day 2 to day 4. NARB 1 mg/kg increased on day 3 and had a slight decrease on day 4 by about 1 g. NARB 10 mg/kg similarly increased on day 3 and dropped slightly by about 0.3 g on day 4. NARB 100 mg/kg however showed a decrease in food intake from day 2 to day 4. An overall increase in food intake was observed in both the CCRB and NARB groups except for NARB 100 mg/kg ([Table 1](#tbl1){ref-type="table"}) with CCRB groups showing a greater overall increase in food intake ([Table 1](#tbl1){ref-type="table"}). The oestradiol group was also observed to exhibit an increase in food intake on day 3 which dropped on day 4 ([Table 1](#tbl1){ref-type="table"}).Table 1Table showing food intake analysis during administration of calcium carbide and non-artificially ripened banana.Table 1GroupsFood intake (g)Day 2Day 3Day 4Distilled water6.236.106.20CCRB 1 mg/kg5.007.606.62CCRB 10 mg/kg4.555.206.35CCRB 100 mg/kg4.304.215.23NARB 1 mg/kg5.256.227.20NARB 10 mg/kg4.306.506.20NARB 100 mg/kg6.005.104.11Oestradiol 10 mg/kg8.329.207.10[^1]

3.5. Vaginal opening analysis {#sec3.5}
-----------------------------

Animals in the distilled water and NARB group experienced no vaginal opening during the study ([Table 2](#tbl2){ref-type="table"}). However, 4 animals from the CCRB 1 mg/kg exhibited opening after 2 days of administration with all 6 animals showing opening after 3 days of administration ([Table 2](#tbl2){ref-type="table"}). Similarly, 5 animals from the oestradiol group showed opening after 2 days of administration while all 6 animals showed opening after 3 days of administration ([Table 2](#tbl2){ref-type="table"}).Table 2Percentage of mice with vaginal opening for calcium carbide and non-artificially ripened banana.Table 2GroupsPercentage of animals with vaginal opening (%)Day 1/18 D oldDay 2/19 D oldDay 3/20 D oldDay 4/21 D oldControl distilled water0.000.000.000.00CCRB 1 mg/kg0.000.0066.67100.00CCRB 10 mg/kg0.000.000.000.00CCRB 100 mg/kg0.000.000.000.00NARB 1 mg/kg0.000.000.000.00NARB 10 mg/kg0.000.000.000.00NARB 100 mg/kg0.000.000.000.00Oestradiol 10 mg/kg0.000.0083.33100.00[^2]

3.6. Vaginal cytology analysis {#sec3.6}
------------------------------

Only animals treated with oestradiol ([Fig. 2](#fig2){ref-type="fig"}A) and CCRB 1 mg/kg ([Fig. 2](#fig2){ref-type="fig"}B) showed vaginal opening on days 3 and 4 and allowed for collection of vaginal cells on day 4. Assessment of cells taken from both groups showed a dominance of nucleated epithelial cells, few leukocytes and few cornified squamous epithelial cells ([Fig. 2](#fig2){ref-type="fig"}).Fig. 2Representative vaginal cytology of CCRB 1 mg/mL (A) and oestradiol treated groups (B) at x 400 magnification. Nucleated epithelial cells (N) and cornified cells (C) are observed in both groups with few leukocytes (L).Fig. 2

3.7. Serum oestrogen analysis {#sec3.7}
-----------------------------

The serum oestrogen level in the CCRB treated groups showed an increase with the CCRB 10 mg/kg group showing a significant increase (p \< 0.01; F = 4.88; df = 10) compared to the distilled water group ([Fig. 3](#fig3){ref-type="fig"}A). This was also similarly observed with the oestradiol group which showed a significant increase (p \< 0.05; F = 2.31; df = 10) in serum oestrogen compared to the distilled water group ([Fig. 3](#fig3){ref-type="fig"}A). For the NARB group there was no significant difference in the serum oestrogen levels compared to the distilled water group ([Fig. 3](#fig3){ref-type="fig"}B).Fig. 3Bar graphs showing the serum oestrogen levels of CCRB, NARB, oestradiol and water treated groups. CCRB (A) and oestradiol treated groups showed an increase in serum oestrogen levels. CCRB 100 mg/kg showed a significant increase (p \< 0.01) while oestradiol showed a significant increase (p \< 0.05) compared to the distilled water group. No significant change was observed with the NARB treated groups (B) while oestradiol showed a significant increase (p \< 0.05) compared to the distilled water group. \*p \< 0.05; \*\*p \< 0.01 compared to the control; n = 6 animals. Dist. water = distilled water.Fig. 3

3.8. Organ weight analysis {#sec3.8}
--------------------------

An increase in uterine weight was observed in the CCRB treated animals compared to the distilled water group ([Fig. 4](#fig4){ref-type="fig"}A). However, it was not statistically significant. Though a non-significant moderate increase was observed in uterine weights of NARB 1 mg/kg, NARB 10 mg/kg did not exhibit a change in uterine weight compared to the distilled water group while NARB 100 mg/kg exhibited a slight decrease in uterine weight ([Fig. 4](#fig4){ref-type="fig"}B). The oestradiol treated groups showed an increase in uterine weights similar to that observed with the CCRB treated groups ([Fig. 4](#fig4){ref-type="fig"}).Fig. 4Bar graphs showing the uterus weights of CCRB (A) and NARB (B) treated groups. CCRB and oestradiol treated groups showed a non-significant increase in uterine weights compared to the distilled water group; while the NARB showed a decrease in weights of uterus except for NARB 1 mg/kg where a non-significant increase was observed. n = 6 animals. Dist. Water = distilled water.Fig. 4

3.9. Histological analysis {#sec3.9}
--------------------------

Histopathological analysis of the uterus revealed congestion of the lumen epithelium in the CCRB and oestradiol treated group ([Fig. 5](#fig5){ref-type="fig"}). Narrowing of the uterine lumen was also observed in the CCRB and oestradiol treated groups ([Fig. 5](#fig5){ref-type="fig"}). Developing uterine glands were seen in the NARB treated groups ([Fig. 5](#fig5){ref-type="fig"}) but they are mostly immature and quiescent. Normal differentiation of myometrial cells and well defined uterine lumen were observed in both the NARB and distilled water treated groups ([Fig. 5](#fig5){ref-type="fig"}).Fig. 5Uterus (mouse, H & E ×400). Representative histological features of the uterus from CCRB, NARB, oestradiol and distilled water treated mice. (A) Mice administered water showed immature quiescent uterus with developing lumen and glands (UG) while oestradiol treated mice (B) showed distorted luminal epithelium. CCRB treated mice 1 mg/kg (C), 10 mg/kg (D) and 100 mg/kg (E) showed congestion of the lumen (UL). NARB treated mice 1 mg/kg (F), 10 mg/kg (G) and 100 mg/kg (H) showed largely normal quiescent uterus. Scale represents 20 μm.Fig. 5

Histopathological analysis of the ovaries revealed the presence of mainly tertiary and secondary follicles in the CCRB and oestradiol treated groups ([Fig. 6](#fig6){ref-type="fig"}). Regressing corpus lutea and dense granulosa cells were also observed in the CCRB and oestradiol treated groups ([Fig. 6](#fig6){ref-type="fig"}). On the other hand, mainly primary follicles and few secondary follicles were observed in the NARB and distilled water treated groups ([Fig. 6](#fig6){ref-type="fig"}).Fig. 6Ovary (mouse, H & E ×400). Representative histological features of the ovary from CCRB, NARB, oestradiol and distilled water treated mice. Mice administered water (A) showed presence of secondary follicles (SF) and primordial follicles (not shown). Oestradiol treated animals (B) presence of tertiary follicles (TF) and mature corpora lutea (CL). CCRB treated mice 1 mg/kg (C), 10 mg/kg (D) and 100 mg/kg (E) showed both tertiary (TF) and secondary follicles (SF). Mature and regressing corpus luteum (CL) can also be observed in the CCRB groups. NARB treated mice 1 mg/kg (E), 10 mg/kg (F) and 100 mg/kg (G) showed mainly secondary follicles (SF) and primary follicles (pf). Scale represents 20 μm.Fig. 6

Analysis of the cervix revealed the presence of keratin and several layers of epithelia in the CCRB and oestradiol treated groups ([Fig. 7](#fig7){ref-type="fig"}) while the epithelium in the NARB and distilled water treated groups were mostly immature and composed of plump to cuboidal cells ([Fig. 7](#fig7){ref-type="fig"}). Cells with dysplastic changes were observed in the CCRB 100 mg/kg group ([Fig. 7](#fig7){ref-type="fig"}).Fig. 7Cervix (mouse, H & E ×400). Representative histological features of the cervix from CCRB, NARB, oestradiol and distilled water treated mice. Mice administered water (A) showed histologically immature and quiescent cervix with plump and cuboidal epithelial cells in stratum germinativum. Oestradiol treated animals showed abundant luminal keratin characteristic of oestrus (B). CCRB treated mice 1 mg/kg (C), 10 mg/kg (D) and 100 mg/kg (E) showed the stratum germinativum, stratum granulosum, and stratum corneum with small numbers of luminal luminal keratin consistent with oestrus. NARB treated mice 1 mg/kg (F), 10 mg/kg (G) and 100 mg/kg (H) normal quiescent cervical epithelium. Scale represents 20 μm.Fig. 7

4. Discussion {#sec4}
=============

The uterotrophic assay utilized in this study was developed to screen for estrogenic compounds. It is based on the ability of estrogenic compounds to increase uterine weight also known as a uterotrophic response [@bib28]. For the uterotrophic response, oestrogen causes water imbibition in the uterus and results in an initial increase in weight followed by weight gain due to tissue growth [@bib29]. Agonists and antagonists of oestrogen, function as ligands to oestrogen receptors α and β where they may activate or inhibit, respectively, the receptors' transcriptional action. However, this may potentially result in adverse health hazards, such as reproductive and developmental effects [@bib30].

The current study utilized immature animals with intact hypothalamic-pituitary-gonadal (HPG) axis and will therefore show the contribution of the HPG axis as well as the contribution of the oestrogen receptor to the fruit and drugs under study. As females approach puberty, they undergo silent cycles that do not lead to vaginal opening or ovulation. However, when a chemical or diet stimulates the HPG axis at about the prepubertal age it would result in precocious puberty and early ovulation leading to vaginal opening [@bib21].

In this study, the fruit ripened with calcium carbide took a shorter period for complete ripening compared to fruits with no artificial ripening agent. This confirms its use by fruit sellers to hasten ripening in fruits. The observation that body weights were much more increased in the CCRB and NARB groups compared to other groups may have resulted from the added banana meal fed to these set of animals and may not be directly related to hormonal influence. A high fat or energy dense diet can induce a state of increased energy which can lead to increased body weight [@bib31] which may explain the increased body weight observed in animals that received the fruit banana in this study. Notably, the CCRB animals displayed the largest weight gain compared to the NARB animals suggesting that an additional component besides just being an energy dense fruit was responsible for the weight gain in the CCRB groups. The increased weight gain in the CCRB group may have been as a result of the increased food intake observed in the CCRB group which had one of the largest food intake in the animals under study. The oestradiol group showed the highest food intake and was closely followed by the CCRB group, though the percentage body weight increase in the CCRB group was higher than the oestradiol group. Oestradiol is generally known to cause a reduction in food intake and consequently a reduction in weight \[[@bib32], [@bib33], [@bib34]\]. Recent evidence however suggests that there may be some instances where oestradiol increased food intake and weight gain [@bib35]. It would seem that in such instance, a disruption in ovarian cyclicity occurs with oestrogen which therefore leads to an increase in food intake and body weight [@bib36]. Further experiments are however required to confirm this possibility. Nonetheless, it can be inferred that oestradiol administration in this study disrupted ovarian cycling leading to increases in food intake and body weight. The possible presence of oestradiol in CCRB may have also accounted for the larger increase in food intake and body weight seen with the CCRB group over and beyond what was observed in the NARB group. The food intake and body weight pattern observed in the distilled water group reflected the normal growth and meal pattern that occurs in the animals in the absence of regulating factors.

The incidence of vaginal opening was significantly increased at CCRB 1 mg/kg and on oestradiol administration also suggesting the oestrogenic potential of CCRB. Though oestradiol showed a greater incidence of accelerating vaginal opening in this study than CCRB. In rodents and animals, it has been reported that puberty occurs due to sensitivity of the central gonadotropin releasing hormone (GnRH) pulse generator to inhibition by circulating gonadal steroids principally 17β-oestradiol [@bib37]. It is also reported that oestradiol exerts positive neurotropic effects which contribute to the maturation of the GnRH pulse generator during puberty [@bib38]. Exposure of prepubertal animals to oestrogen has been shown to accelerate vaginal opening [@bib39] supporting the oestrogenic potential of CCRB. Since the rupture of the vaginal membrane is sensitive to oestradiol levels, vaginal opening can be used as an index for puberty onset determination and achievement of reproductive competence in rodents as seen in this study. For animals with vaginal opening, cytology showed the animals to be in the pro-oestrus stage of the oestrus cycle which is under the influence of rising oestrogen [@bib23]. This finding also supports the oestrogenic potential of CCRB. As further support to the oestrogenic potential of CCRB, an increase in serum oestrogen levels was observed in animals administered CCRB as opposed to animals fed with NARB and those administered water only. This increase in oestrogen correlates with the pro-oestrus stage in the CCRB animals. The increase in uterine wet weight seen in CCRB fed animals also supports the oestrogenic potential of CCRB. The uterotrophic assay is traditionally validated and used to establish the oestrogenic activity of sex steroids and suspected environmental oestrogens \[[@bib40], [@bib41]\]. The present study therefore reveals that CCRB is able to induce uterotrophic effects, also known as, increase in wet weight of the uterus, though the effect was more pronounced at the median dose used 10 mg/kg. NARB on the other hand did not produce uterotrophic effects. The water imbibition induced by oestrogen results in a prompt increase in uterine wet weight. The mechanisms that themselves lead to water imbibition are poorly understood however, the physiologic processes are well described and include regulation of inflammation and congestion in several cell types (endothelial, stromal, and endometrial cells) within the uterus [@bib42]. It has also been reported that the vascular endothelial growth factor (VEGF - a signalling factor) contributes to the regulation of uterine fluid accumulation \[[@bib43], [@bib44]\]. All of these occur through the classical oestrogen signalling via interaction with the oestrogen nuclear receptors.

Under the influence of oestrogens, the area of the epithelium within the uterus is increased [@bib22] and endometrial proliferation is induced [@bib45]. This was evident in the histological uterus tissue assessment of the CCRB and oestradiol treated groups. VEGF is primarily expressed in the luminal epithelium of the murine uterus [@bib44]. During the late phase of the oestrous cycle, the response to VEGF peaks after 24--72 h and includes a sequence of epithelial cell proliferation and differentiation [@bib46] under the influence of oestrogen. Uterine epithelial cell proliferation is regulated by the D-type cyclins and the cyclin-dependent kinases [@bib47]. In the uterus, both oestradiol have been shown to mobilize cyclin D1 from the cytoplasm to the nucleus prior to epithelial cell proliferation [@bib47]. The epithelial layer transforms into columnar secretory cells with abundant mitosis [@bib48]. The later phase also involves the induction of target genes, such as lactoferrin [@bib49]. In the absence of oestrogen or responsiveness to oestrogens, the animals will fail to produce a proliferative epithelial response [@bib49]. These actions may therefore contribute to the epithelial proliferative effect detected with CCRB in the present study and can also explain the lack of uterotrophic effect seen with NARB treated groups.

Further histologic observations of the reproductive organs showed the presence of regressing corpus lutea and secondary follicles in the ovaries of CCRB and oestradiol treated groups. In follicular development, primordial follicles are dominant in the prepubertal stage. After the formation of primordial follicles they are activated via the phosphatidylinositol 3-kinase pathway and transition to primary follicles. A process associated with morphological and proliferative changes in the granulosa cells and growth of the oocyte. Primordial follicles are dominant in the prepubertal stage with increase in primary follicles occurring as puberty approaches and at puberty \[[@bib50], [@bib51]\]. Further proliferation of granulosa cells results in multilaminar secondary follicles [@bib50]. On stimulation by follicle-stimulating hormone, the granulosa cells undergo rapid proliferation coincident with reorganization around the antrum, a fluid-filled space. These differentiation and proliferative changes signal the final growth stage prior to ovulation. Follicles at each of these later stages (primary and secondary follicular stages) that are not selected for further growth are then scheduled for atresia \[[@bib52], [@bib53]\]. The presence of developing corpora lutea in the NARB groups is indicative of sexual maturation [@bib54]. The corpus luteum is a transient endocrine gland formed by residual granulosa theca cells. The corpus luteum (CL) is formed following ovulation, though the real stimulus for luteinisation is the preovulatory luteinizing hormone (LH) surge from the hypophysis [@bib55]. Preovulatory surge of LH from the pituitary gland induces the activation of LH receptor (LH-R) on the follicular cells which is necessary for ovulation to occur. Simultaneously, LH induces the transformation of ovulated follicle cells into the CL, a process known as luteinisation [@bib56]. The steroidogenic cells of CL, regardless of their cellular origin, provide the required progesterone levels to initiate uterine quiescence and glandularization in preparation and establishment of pregnancy [@bib57].

The histology of the cervix corresponds with the changes observed in the uterus and ovaries. The cervix of the NARB and distilled water group appeared largely immature with that of the CCRB and oestradiol group showing signs of epithelial differentiation into the different cell layers. Epithelial differentiation in the cervix and vagina have been reported to occur at and after puberty and coincides with the formation and development of the CL in the ovaries [@bib58].

Interestingly, the oestrogenic effects of CCRB were more pronounced in the 1 and 10 mg/kg groups and not in the 100 mg/kg CCRB group suggesting an inverted-dose relationship in this study. Central oestrogen receptor specifically, ERβ has been shown to be involved in early puberty onset with the involvement of *Kiss1* expression [@bib59]. Early activation of ERβ by oestradiol in prepubertal animals with intact HPG leads to increased expression of *Kiss1* which then leads to early release of LH which mediates early onset of puberty [@bib60]. However ERα is also present but develops much later in prepubertal animals and it is suggested to act in an opposing fashion to ERβ \[[@bib61], [@bib62], [@bib63]\]. The ratio of both oestrogen receptors is therefore important in regulating the signalling activity of oestrogen. The presence of ERβ in prepubertal mice also reduces the number of gonadotropin releasing hormone (GnRH) neurons present. It is therefore possible that higher concentrations of oestrogen in prepubertal animals will reduce or blunt the responsiveness of GnRH neurons and oestrogen receptors and this may be observed as a reduced activity and lower response compared to lower concentrations of oestrogen. This is also a function of the negative feedback mechanism in place with the GnRH neurons and can contribute to the oestrogenic activity seemingly more prominent at the lower doses in this study. Higher doses of oestradiol are generally reported to suppress GnRH and LH secretion [@bib64]. It is unclear at this the time the exact concentrations of oestrogens that may have been present in the different quantities of banana fruit utilized in this study. However, the content of oestradiol consumed by the animals would have increased with increasing quantities of banana fruit administered. This increase may therefore have resulted in high concentrations of oestrogen being delivered to the animal\'s body and consequently a blunting of oestrogenic response characterized by the lack of vaginal opening and the increased concentrations of oestrogen measured in serum in the CCRB groups.

5. Conclusions {#sec5}
==============

This study has shown that consumption of fruits ripened with calcium carbide alters the reproductive physiology in female mice. This was clearly observed in the onset of puberty acceleration observed in immature mice fed with CCRB. Fruits ripened with calcium carbide have also been shown in this study to have oestrogenic potential observed in the increased levels of serum oestrogen and the hypertrophy of the uterus typical of oestrogen agonists. It can be inferred from this study that calcium carbide ripened fruits act by interaction with nuclear oestrogenic receptors which are primarily responsible for the uterotrophic effect observed in this study. We therefore suggest that fruits ripened with calcium carbide produce oestrogen agonistic activities via interaction with oestrogenic receptors as a key event in the female reproductive system and can lead to key relationships such as downstream activation of *Kiss1* expression and GnRH modulation. Further molecular studies are needed to confirm this. Nonetheless, caution is advised to fruit sellers utilizing calcium carbide for fruit ripening and also to consumers of calcium carbide ripened fruits. Future studies on effect of calcium carbide fruits on fertility and on development of reproductive tumours are suggested.
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